Unpaired or satellite male horseshoe crabs, Limulus polyphemus, are attracted to and often form a group around a pair (a female with an attached male) that is nesting in the high intertidal zone. These males are engaged in sperm competition. We observed nesting pairs and their associated satellites in the wild, collected and reared their eggs and used genetic markers to examine paternity. We found that the unpaired, satellite males are highly successful at fertilizing eggs; two satellites can leave the attached male with few fertilizations. Two satellites together are each as successful as one spawning with a pair. A satellite's location around the female greatly affects his success, and males compete for access to a position over the dorsal canal between the prosoma and opisthosoma of the female and under the front margin of the paired male where they are most likely to fertilize eggs. Although eggs and sperm retain their viability for some time after spawning, nearly all eggs are fertilized by the satellites that are around the nesting pair at the time of egg laying and by the attached male. A number of factors including beach current, female size and male behaviour affect the outcome of sperm competition in this externally fertilizing species.
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Multiple mating by females sets the stage for a complex set of events that includes both male-male competition in the form of sperm competition (Parker 1970; Birkhead & Møller 1992; Birkhead & Parker 1997) and female choice in the form of sperm manipulation and cryptic female choice (Thornhill 1983; Eberhard 1996) . The events associated with mating can be broken down into stages: those that occur before sperm are released, after sperm are released but before the egg has been contacted, and those associated with fertilization. Processes operating at each of these stages may result in single-male or multiple-male paternity of a clutch of eggs and differential success of some males (and genotypes) over others. The constraints, selective pressures and mechanisms that are operating during each of these stages may differ markedly among species. For internally fertilizing species, adaptations by which males achieve greater success are well known and include behaviour such as extended copulation, postcopulatory guarding and displays; morphology such as plugs, sperm removal structures and specialized genitalia; and physiology such as chemicals and nutrients that alter the probability of fertilization (Christy 1987; Birkhead & Møller 1992; Eberhard 1996; Birkhead & Parker 1997) . Much less is known about the behavioural adaptations for sperm competition in externally fertilizing species, which is the focus of this study. In some externally fertilizing species such as corals (Levitan & Petersen 1995) , 'sperm limitation' is a factor, in that not all eggs are fertilized apparently due to a lack of sperm availability (Pennington 1985; Levitan 1993) . This dramatically alters the face of sexual selection in these species because it means selection favours adaptations by females to attract males to ensure fertilization rather than to exert female choice. But in externally fertilizing species such as fish (Shapiro et al. 1994; Stockley 1997) , frogs (Coe 1967; Halliday & Verrell 1984; Kusano et al. 1991; Feng & Narins 1992; Kasuya 1992; d'Orgeix & Turner 1995; Halliday 1998) and horseshoe crabs (Brockmann 1990) , all eggs are fertilized and malemale competition for mating exists. Clear evidence for sperm competition also exists in two invertebrates that broadcast sperm but retain eggs inside the female (Yund & McCartney 1994) . Adaptations that are thought to play a role in sperm competition in externally fertilizing species include increasing sperm number, investment in male function and testis size per body weight (Kusano et al. 1991; Yund & McCartney 1994; Stockley et al. 1997) , synchronizing sperm release (Levitan 1998), changing positions which alters the male's proximity to spawning females (Levitan 1998) and the deployment of sperm in
